Effect of Foamed Pattern Density on the Lost Foam Process by T. Pacyniak
 
ARCHIVES 
of 
FOUNDRY ENGINEERING 
 
 
 
Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences 
ISSN (1897-3310) 
Volume 7 
Issue 3/2007 
 
231 – 236 
 
43/3 
 
ARCHIVES of FOUNDRY ENGINEERING Volume 7, Issue 3/2007, 231- 236  231 
Effect of Foamed Pattern Density  
on the Lost Foam Process 
 
T. Pacyniak 
a,*
 
a Department of Materials Engineering and Production Systems, Technical University of Łódź,  
Stefanowskiego 1/15 Str., 90-924 Łódź, Poland 
*e-mail: tadeusz.pacyniak @p.lodz.pl 
 
Received on 24.04.2007; Approved for printing on: 27.04.2007 
 
 
Abstract 
 
The study examines the effect of the foamed polystyrene pattern density on the process of making castings by the lost foam technique with 
emphasis put on the analysis of simulation tests. The simulation regarded the effect that pattern density is said to have on the mould cavity 
filling rate, pressure in the gas gap, and size of this gap. For simulation tests of the full mould process, a mathematical model presented in 
this study was used. For calculations, the author's own algorithm was applied. The investigations have proved that with decreasing pattern 
density the pouring rate increases, while pressure in the gas gap and the size of the gap are decreasing. The increasing pouring rate ensures 
correct making of castings, even if their shapes are very intricate and the wall cross-sections are very small. Smaller size of the gas gap and 
lower pressure of gases in this gap reduce the risk of mould damage. The author’s own investigations have proved a very significant effect 
of the density of foamed polystyrene pattern on the casting process, and specially on  the mould pouring rate. The best pouring rate is 
ensured by patterns of the density comprised in a range of ρ2 =18÷25 kg/m
3. 
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1. Introduction 
 
The process of casting production using expendable patterns 
made from foamed high-molecular materials has been known in 
the world since 1958 when an original patent was submitted by 
Shroyer [1]. Initially, the process was used for piece and small-lot 
production. Patterns were assembled and glued using fragments 
cut out from the plates of foamed polystyrene, to be moulded next 
in common moulding sands. However, foamed polystyrene 
patterns manufactured in this way did not satisfy the conditions 
regarding dimensional and shape accuracy, on one hand, and 
casting surface roughness, on the other. The full mould process of 
castings manufacture gained more vivid interest of the world 
foundry industry in late eighties of the past century, when the 
development of technology enabled application of this process in 
mass production of castings  characterised  by high dimensional 
accuracy and good reproducibility of dimensions, produced from 
both ferrous and non-ferrous alloys. Progress in development of 
this process gathered speed when a method of pattern 
manufacture from foamed polymers of high dimensional and 
shape accuracy produced in special metal dies was developed 
along with the elaboration of binder-free moulding sands. Great 
interest in this technology of the casting manufacturers is mainly 
due to lower, compared with the traditional process, production 
costs and investment outlays [2]. Also, compared with the 
traditional casting process using common moulding sands, this 
technology presents numerous other advantages, to mention just 
the following ones: 
 the possibility of reproducing inner casting shapes 
without the use of cores, 
 the use of moulding sands without  binders (i.e. the use 
of pure sand), which eliminates the expensive process 
of moulding sand preparation, 
 reduced fettling of castings due to the lack of cores and 
mould parting planes (the presence of flashes is 
eliminated),  
ARCHIVES of FOUNDRY ENGINEERING Volume 7, Issue 3/2007, 231- 236  232 
 less of foundry equipment is needed (no moulding 
machines and mixers are necessary for the sand 
preparation, etc. ) 
   reduced labour consumption during final operation of 
casting finishing (no flashes, burns-on, etc) 
 
 
2. Technological aspects of the density  
of patterns made from foamed high-
molecular materials 
 
One of the most important stages in the technology of casting 
production by Lost Foam Process is the stage when patterns are made 
from the foamed high-molecular materials. The condition indispensable 
for production of castings characterised by high dimensional accuracy 
and good surface finish is the high quality and low density of  pattern 
made from the foamed polymer. The density of material is very 
important for the mechanical strength of patterns, and for their surface 
roughness, volume of gas produced during evaporation, shrinkage, and 
dimensional stability. Patterns satisfying all these requirements are 
produced in metal dies. Basically, the technological process of making 
patterns from foamed polymer materials falls into two main stages. At 
the first stage, which consists in prefoaming of the pattern material, the 
granules of the polymer which is being foamed (e.g. polystyrene) are 
subjected to a preliminary heat treatment, drying and activation. At the 
second stage of pattern shaping, the die is  filled with the prefoamed 
granules; inside the die the granules are subjected to proper heat 
treatment, and after cooling the ready pattern is taken out. 
The materials used most often for the foamed patterns are: 
expanded polystyrene (EPS), polymethyl  methacrylate (PMMA), 
polyethylene (PE), polypropylene (PP) and polycarbonate (PC). The 
material  used most often is foamed polystyrene.  
Preliminary foaming is carried out to obtain foamed polymer of the 
required density. The recommended density values of patterns made 
from the expanded (foamed) polystyrene (EPS) are shown in Table 1 
[1]. 
 
Table 1. 
Recommended densities of foamed polystyrene patterns for typical cast 
applications [3] 
Alloy type 
Pouring 
temperature 
Density of EPS 
pattern 
°C  kg/m
3 
Aluminium alloys  705-790  24-27 
Copper alloys  1040-1260  20-21,6 
Grey iron  1370-1455  ≤20 
Cast steel  1595-1650  ≤17,6 
It is usually attempted to obtain foamed granules of the lowest 
possible bulk density. The temperature and time of foaming are the 
main factors affecting the density of granules [4]. Homogeneous density 
of granules and lack of humidity are critical for the manufacture of 
high-quality patterns [5, 6]. Very important is the fact that with 
decreasing density, the strength and hardness of foamed polystyrene 
decrease, too, and this is usually accompanied by deterioration of the 
surface quality. The main parameter determining the quality of foamed 
polystyrene and enabling manufacture of patterns characterised  by 
minimum density and high surface quality is the foaming power, 
expressed by the ratio of granules bulk density before and after foaming. 
Minimum bulk density ρ  is a limit value because, obtained once during 
prefoaming, makes increase of the granules volume during final 
foaming impossible, which means that no bond will be obtained 
between the granules during final foaming operation, this meaning 
further that the granules will not fuse to form a monolithic pattern 
characterised by smooth surface. The bulk density of prefoamed 
granules determines pattern density which can be expressed by the 
following relationship (1) [7]: 
 
m −
=
1
min min
mod
ρ
ρ   (1) 
 
Porosity  m depends on the diameter of prefoamed granules as 
shown in Figure 1.  
 
0,3
0,35
0,4
0,45
0 1 2 3 4 5 6
Diameter of granules [mm]
P
o
r
o
s
i
t
y
 
 
Fig. 1. Porosity vs diameter of prefoamed granules [7] 
 
In practice it is necessary to make patterns characterised by slightly 
higher density than the density resulting from the above equation, since 
the equation does not allow for a true strength and hardness of the 
pattern. To ensure these properties it is required to leave during   
prefoaming some "reserve" in the granules foaming power which will 
be utilised during the successive operation of pattern moulding. The 
minimum technological density of pattern is determined from equation 
(2.) 
 
m
Kzap
tech
−
=
1
min
mod
ρ
ρ   (2) 
 
The value of the coefficient of the granules foaming power reserve is 
zap K =1,15÷1,20 [7]. Below the simulation tests are described that are 
concerned with an effect of the foamed polystyrene pattern density on 
the mould cavity filling rate, pressure in gas gap and size of the gap. 
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3. Investigations of a relationship between  
pattern density and the process of mould 
cavity filling with molten alloy 
 
 
3.1. System of equations describing  the process 
of mould filling with molten alloy 
 
The remarks made in [8] on the kinetics of the evaporation process 
of foamed polystyrene pattern, on the dynamics of the  mould cavity 
filling process and changes of gas pressure in the gap enabled the 
process of pattern evaporation and mould filling to be written as a 
system of differential equations presented below: 
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For simulation testing of the full mould process, and specially 
of the effect of pattern density on mould filling with  casting 
alloy, the presented mathematical model of the process was used 
along with the author’s own algorithm for calculation of the effect 
of pattern density on, among others, raising of metal column 
surface in the mould, gas pressure in the gap, the size of the gap, 
etc. 
 
 
3.2. Simulation tests of the Lost Foam Process 
 
 
3.2.1. The scope of simulation tests 
 
Tests covered analysis of the density of foamed polystyrene 
patterns in the range of   3
2 / 50 10 m kg ÷ = ρ . Moreover, in 
simulation tests the following parameters were adopted:   
permeability of refractory coating  s Pa m K p ⋅ ⋅ =
− / 10 7 , 7
2 9 , 
thickness of refractory coating  mm s 6 , 0 = , pressure in mould 
Pa P k 100 = , ingate section  2 5 , 0 cm Fwd = , pouring temperature 
of molten alloy  K T 998 1 = , size of foamed polystyrene granules 
mm dg 1 = ... The simulation tests of an effect of the individual 
parameters on the process of mould cavity filling were carried out 
on the family of AK11 silumins. 
 
 
3.2.2. Analysis of the results of simulation tests 
 
Simulation tests were carried out on a model mould shown in 
Figure 2, applying parameters comprised in the range of values 
covered by the scope of investigations. Basing on the obtained 
results of calculations, a relationship was plotted for time-related 
changes of the main parameters, characteristic of the process of 
mould filling with molten metal.  
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Fig. 2. Schematic representation of the process of mould cavity 
filling and pressure distribution inside mould 
One of the most important parameters affecting the process of 
mould cavity filling with molten alloy is the density of foamed 
polystyrene pattern. The effect of pattern density on pouring rate 
is shown in Figures 3 and 4. The higher is the density of pattern 
material, the longer is the time of pouring, and hence the mean  
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pouring rate is lower. The relationship between mean pouring rate 
and density is illustrated in Figure 4. 
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Fig. 3. Changes in pouring rate  ) ( 1 τ υ f =  for different pattern 
densities  2 ρ  
 
From the plotted relationships it clearly follows that the lower is 
the pattern density, the higher is the pouring rate, and this is the 
reason why in foundry practice the lowest possible densities are 
used. 
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Fig. 4. Mean pouring rate vs pattern density  2 ρ  
 
For patterns of the density  3
2 / 20 m kg = ρ  the mean pouring 
rate is slightly above  s cm/ 4 , and for the densities   3
2 / 40 m kg = ρ  
it is slightly above  s cm/ 2 ... In the case of intricate and thin-
walled castings, this rate of pouring can cause different casting 
defects, mainly misruns.  
The effect of pattern density on pressure  g P  in the gas gap is 
shown in Figures 5 and 6. Along with the increasing pattern 
density, the pressure in the gas gap increases, too. For example, 
for patterns of the density 
3
2 / 20 m kg = ρ , a maximum pressure 
is about  kPa Pg 108 = , while for  patterns of the density 
3
2 / 50 m kg = ρ   this maximum pressure raises to 
kPa Pg 110 = . The difference in maximum gas pressures in the 
gap is   kPa Pg 2 = , and in the case of, for example, aluminium 
alloys it corresponds to the metal column height of about 75 mm. 
Hence it follows that on account of the higher pattern density, the 
height of the foundry mould should  increase by the value given 
above. 
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Fig. 5. Change of pressure in the gas gap  ) (τ f P g =  for different 
pattern densities  2 ρ  
 
The change of the gas gap size for different pattern densities 
is shown in Figures 7 and 8. Hence it follows that with increasing 
pattern density, the size of the gas gap increases, too. For 
example, for pattern density of  3
2 / 10 m kg = ρ  the greatest size of 
the gap is  mm h y y 84 , 0 ) ( 1 2 = − − , while for  3
2 / 50 m kg = ρ  it raises 
to   mm h y y 18 , 1 ) ( 1 2 = − − . 
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Fig. 6. Mean pressure in gas gap vs pattern density  2 ρ  
 
This nature of the changes is caused by the fact that the 
volume of gas which is formed on evaporation of the pattern of a 
higher density is much larger. To remove this large volume of the 
evolving gas, the  filtration area must be large, too, and 
consequently also the size of the gap. 
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Fig. 7. Changes in the  size of gas gap  ) ( ) ( 2 1 τ f h y y = − −  for 
different pattern densities  2 ρ  
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Fig. 8. Mean size of the gas gap vs pattern density  2 ρ  
 
 
4. Summary 
 
The simulation studies presented in this article enable analysis 
of an effect that the foamed polystyrene pattern density is said to 
have on mould filling rate, pressure in gas gap, and size of this 
gap. The studies are expected to enable the choice of a best 
pattern density, which should provide correct filling of mould 
with molten alloy and making castings in a wide range of 
configurations and dimensions, preserving the required hardness 
and roughness of the pattern. With decreasing pattern density the 
pouring rate increases, while the pressure of gas in the gas gap 
decreases, similar as the size of this gap. An increase of the 
pouring rate ensures correct making of castings even of very 
intricate shapes and small wall thicknesses. The smaller 
dimensions of the gas gap and lower  pressure of gas in this gap 
reduce the risk of mould “collapse”. The author’s own 
investigations have confirmed the importance of the foamed 
polystyrene pattern density and its effect on the mould pouring 
rate. Proper pouring rate is ensured by patterns of the density 
comprised in a range of 
3
2 / 25 18 m kg ÷ = ρ . With increasing 
pattern density the gas pressure in the gap as well as the size of 
this gap increase, too. 
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